Male Wistar rats were fed ad libitum a powdered diet (AIN93G; no fat) containing 7 wt% of fresh oil (control) or used frying oil recovered from Japanese food manufacturing companies (recovered oil) for 12 weeks and subjected to anthropometric measurements, hematological analyses, and observations of the liver and kidneys. All of the rats grew well, and no gross symptoms attributable to recovered oil were observed. There was a tendency toward higher consumption of the diet in the experimental group as compared to the control group. In the serum of the experimental group, no difference was detected in the levels of glucose, triacylglycerol, and phospholipids. But many dark-red patches, necrosis, and bleeding were found in the livers of 75% of the experimental rats; these rats had extremely high aspartate aminotransferase (AST) and alanine aminotransferase (ALT) values. Average AST and ALT values of the experimental group were significantly higher than those of the controls. The renal cells were also obviously damaged. These results raise the concern that frying oil contained in ready-made foods, snacks, etc., if deteriorated to an extent equal to or greater than that of the recovered oil, may be able to change human serum AST/ALT levels and damage the liver and kidneys.
INTRODUCTION
The National Survey of Health and Nutrition, Japan 1, 2) , indicated that 30% of Japanese men aged 20-60 years dine out more than once a day, and 25% of them, 2-5 times a week. In Japan, meals eaten away from home often include deep-fried foods. The batter coating of breaded pork cutlet (80 g pork), a Japanese favorite, contains [10] [11] [12] [13] [14] [15] oil 3) , mostly frying oil, which matches the average amount of edible oil ingested daily by the Japanese 2) . Our study 3) revealed that frying oil deteriorated to an extent equal to or greater than that of used frying oil recovered from foodmanufacturing companies was present in 4-56% of commercially deep-fried foods, depending on the analytical items (color, triacylglycerol content, acid value (AV), content of polar compounds, and carbonyl value (COV)).
Currently, we consume deep-fried foods that may contain such deteriorated oil, frequently and in large amounts. However, substantial consideration seems not to have been given to the safety of frying oil, although regulation of AV and peroxide value (POV) for oil contained in foods does exist. Consumers seem to believe that the oil is safe because no acute toxicity has been talked about for years.
An animal experiment to investigate the effect of deteriorated oil on human health should employ mild feeding conditions reflecting the human situation. This is why the origin and amount of oil fed to animals ad libitum are important factors. Most of academic studies [4] [5] [6] [7] [8] [9] on used frying oil mixed 12-20 wt% of thermally oxidized oil in the diet corresponding to the oil contents in an ideal human diet. As the optimum oil content in a rat diet is 4-7 wt%, that for humans seems inapplicable to rats. Battino et al. 10) fed Wistar rats initially weighing 80-90 g a diet containing 8 wt% laboratory-heated lightly oxidized oil. The rats, probably 4 weeks old, seem too young for the purpose of the experiment, and the oil employed was basically different in properties from oil practically used. Although AST and ALT are important factors for the diagnosis of liver and kidneys, only a few animal studies on the toxicity of oxidized oil measured AST/ALT 11, 12) . Recently, a statistical study on life-style related diseases reported that the intake of polar compounds (PC) in cooking oil induced a risk of hypertension 13) .
In our previous paper, male SHR/NDmc-cp rats 14) and Wistar rats 15) aged 10 weeks were fed ad libitum a diet (AIN93G; no fat) containing 7 wt% of fresh oil and the recovered oil, respectively, as frying oil often contained in commercially deep-fried products, for 8 weeks at the Kobe-Gakuin University Animal Experiment Center. The result of the study suggested that used frying oil may damage liver and kidneys under mild and practical ingestion conditions. In the present study, Wistar rats were fed the same diet as in our previous study 15) for 12 weeks at the Animal Experiment Center, Japan SLC, Inc. in order to confirm the reproducibility of our worrisome previous findings and to investigate the effects of used frying oil in greater detail.
EXPERIMENTAL
2 1 2.1.1 Oil "B grade recovered vegetable oil" (recovered oil: AV 2.0, COV 10.9, POV 26.2 mEq/kg, PC 24.7%, Gardner color 11) was obtained from Miyoshi Oil & Fat Co., Ltd. The oil is composed mainly of soybean and rapeseed oils and comparatively less deteriorated frying oil recovered from food manufacturing companies after use, which is utilized, for example, as a component of livestock feed; heavily deteriorated frying oil used at the companies is incinerated. The reference oil (fresh oil: AV 0.1, COV 1.9, POV 4.0 mEq/kg, PC 4.2%, Gardner color 1) was made of fresh soybean and rapeseed oils in order to adjust fatty acid compositions to those of recovered oil.
shows the difference in appearance between recovered oil and virgin oil.
Diets
Commercial pelleted diet (Labo MR Stock, Nihon Nosan Kohgyo, Japan) and powdered AIN93G diet without fat (Japan Clea, Tokyo) were purchased. Using a blender (Kenmix Major, Aicoh, Saitama, Japan), the latter was mixed uniformly with 7 wt% recovered oil, and fresh oil, respectively. The two kinds of diets, thus prepared, were divided into 12 portions (1120g/portion) for the 12-week experiment, packed in plastic bags, and sealed under nitrogen flow. Then, all the diets were sterilized by radiant rays within their bags and kept in a refrigerator until use. The fresh diet was provided daily. A bag opened for administration was also kept in a refrigerator. Unused diet in the opened bag was discarded after the 7th administration.
Chemical Analyses
COV, AV, POV, and Gardner color were measured according to the Japan Oil Chemists' Society's Standard Methods for the Analysis of Fats, Oils, and Related Materials. The content of PC in the oil was analyzed by a PC Tester (3M, Saint-Ouen l'Aumone, France).
The fatty acid compositions of the fresh oil and the recovered oil analyzed as previously 16) were as follows, respectively: myristic acid 0.1% and 0.2%; palmitic acid 8.4% and 9.5%; palmitoleic acid 0.1% and 0.5%; stearic acid 3.3% and 3.2 %; oleic acid 38.2% and 44.7%; linoleic acid 39.2% and 33.7%; and a-linolenic acid 8.3% and 7.1%; eicosenoic acid 0.6% and 1.0%; others 1.8% and 0.1%.
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Male Wistar rats aged 9 weeks were obtained from Japan SLC, Inc., Shizuoka, Japan, and were housed separately in wire cages at 24 2 and humidity 50 10%, with light from 7 : 00 to 19 : 00 at Japan SLC, Inc., Animal Experiment Center, Shizuoka, Japan. Animal care and handling were in accordance with the Ethical Agreement Concerning Care and Use of Laboratory Animals for Research and Education, Kobe-Gakuin University.
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Sixteen animals were maintained on radio-sterilized Labo MR Stock for 1 week of adaptation; the animals were then divided into two groups by the Statlight System, Yukms, Tokyo, Japan so as to make their average body weights similar and minimize standard deviation in body weight. One group was fed a diet containing 7 wt% recovered oil, and the other was fed a diet containing 7 wt% fresh oil. All animals were allowed feed and water ad libitum throughout the experiment. Body weight and the amount of feed ingested were determined weekly. After 12 weeks, a fasting period of 18 h was imposed prior to the administration of anesthesia with pentobarbital. Serum was obtained from blood drawn from the abdominal aorta using conventional methods. Livers, kidneys, and adipose tissue were excised, rinsed with cold saline, weighed, and examined microscopically.
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Concentrations of insulin, and serum triacylglycerol and cholesterol (Lipo Search, a high-sensitivity lipoprotein profiling system) were determined by Skylight Biotech Inc., Japan. Determinations of glucose, free fatty acids, and phospholipids were made with Glucose CII-test Wako, NEFA C-test Wako, and Phospholipid C-test Wako (Wako Pure Chemical Industries, Osaka, Japan), respectively. Activities of AST and ALT were assayed with Autosera S 
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AST and Autosera S ALT (Daiichi-Kagaku-Yakuhin Co. Ltd., Tokyo, Japan), respectively.
5
Fixed liver and kidneys were embedded with paraffin, and microscopic specimens were sliced, then subjected to hematoxylin and eosin stain according to conventional methods. Histological evaluation was made at a magnification of 100 and 400 according to circumstances.
6
All the values obtained from animals are revealed as mean SD. Data from 8 animals each for experimental and control groups were analyzed using Student's t-test for unpaired observations and results were considered significant at p < 0.05.
RESULTS

1
As shown in our previous papers 14, 15) , rats did not exhibit diarrhea, seborrhea, dermatitis, or excessive hair loss after the administration of the diet containing recovered oil. Body weights of the two groups were always similar, although the experimental group showed a tendency toward higher ingestion of diet than the control group did from the second week of the experiment to the final day (
). The weights of liver, kidneys, and retroperitoneal fat are shown in ; no difference between the two groups was detected. From the results in and , it was suggested that recovered oil had low nutrition efficiency or slight toxicity.
2
As shows, there was no difference between the groups in the levels of serum glucose, triacylglycerol, phospholipids, free fatty acid, cholesterol, and insulin. However, AST and ALT were significantly higher in the experimental group. Further results are described later in section .
Triacylglycerol and cholesterol levels in each lipoprotein are shown in . The high total triacylglycerol levels of the both groups were attributed mainly to a high level of triacylglycerol in VLDL, with smaller contributions from triacylglycerol in HDL and chylomicrons. The high total cholesterol levels of the both groups were due to a high level of cholesterol in HDL. But there was no statistical difference between the two groups. surface of the livers of 6 of the 8 rats in the experimental group ( ). In particular, 2 rats had many patches, suggesting degeneration of inner tissues. One control rat also had a small number of patches. Interestingly, the appearance of the patches correlated well with high levels of AST and ALT ( ). The level of AST was always higher than that of ALT, and AST varied drastically among rats.
Rat RO4 showed 6 patches, but AST and ALT were exceptionally low. In other experimental rats the number of patches was roughly proportional to the levels of AST and ALT. Rat FO4 had relatively low AST and ALT when compared with rat RO1which had also 8 patches. No differences in color and size were observed in the kidneys of experimental and control rats, and no patches were 264 J. Oleo Sci. 56, (5) 261-267 (2007) Values are means SD for eight animals. ). A group of white droplets ( ) indicating fatty degeneration appeared in the livers of RO1 and RO2. But control rats did not have it at all as shown in , . , A shows bleeding of the kidney from rat RO6. Rat RO7 also had a similar symptom. In , , adhesion and a narrow space between the glomerulus and Bowman's capsule are shown. This was observed in all experimental rats except RO2. In addition, inner space in the tubule became turbid and blocked, the tubular epithelium swelled, tubules adhered to each other, necrosis occurred with the disappearance of nuclei, and the glomerulus was congested more strongly with blood. In , , hyaline droplets (eosin droplets) and fatty droplets are seen in the inner space of the tubule and in the tubular epithelium, respectively. When compared with , , nuclei and cytoplasms shown in B and C are stained lightly or indistinct, which is one of the typical features of damaged cells.
DISCUSSION
The recovered oil employed in this study had chemical properties similar to those of the oil used in our previous study 15) . Both groups of animals showed the same body weight increase in spite of the difference in amount of food ingested ( ); recovered oil seems to be acceptable for the experimental rats to fulfill their appetite although the oil contains volatile decomposition products, oxidized and polymerized oil, and off-flavor from fried foodstuffs. All the rats grew well as indicated by appearance, anthropometric measurements, and weights of liver, kidneys, and retroperitoneal fat ( ). However, dark-red patches were found on the surface of the livers from 6 experimental rats. Histological observation showed necrosis and bleeding in the hepatic cells of the rats. The rats had also extremely high levels of serum AST/ALT, clearly implying exudation of escaped enzymes from damaged cells ( ). Hyaline droplets shown in the inner space of the tubule ( , ) are composed mainly of serum protein. When the protein contained in the filtrate exuded from the glomerulus is not smoothly absorbed by tubular epithelium, protein left over in the filtrate crystallizes in the inner space of the tubule. Extreme accumulation of hyaline droplets damages epithelium gradually [16] [17] [18] [19] [20] .
Levels of serum glucose, triacylglycerol, phospholipids, free fatty acids, and cholesterol in the experimental group were not different from those of the control group statistically. When SHR/NDmc-cp rats, a spontaneously hypertensive, obese, diabetic, and nephritic model, were used in a similar experiment 14) , however, levels of serum glucose, triacylglycerol, and free fatty acid were significantly higher in the experimental group. In the present study, serum AST/ALT levels of the experimental group were statistically higher than those of the control group; thus, damage to the liver and kidneys by mild ingestion of recovered oil has been clearly demonstrated ( ). Effects of recovered oil on distribution of triacylglycerol and cholesterol in lipoprotein were not obvious. The findings suggest that ingestion of recovered oil did not produce notable changes in oil absorption from the small intestine or metabolism in the liver. Garrido-Polonio et al. 9) carried out an experiment in which growing Wistar rats weighing 65 g were fed for 27 days a diet containing 15% sunflowerseed oil repeatedly used in frying (PC 27.7%, oligomer content 16.6%). The HDL fraction of the experimental rats had significantly increased levels of total and esterified cholesterol and phospholipids. These researchers proposed that the rat increases HDL as a protective mechanism against the peroxidative stress induced by the consumption of a diet containing thermally oxidized oil. Important differences between our and their experimental conditions include the age of the rats, the oil content in the diets, and the experimental period. With respect to lifestyle-related diseases, our conditions seem to be closer to the human situation, as we kept adult rats for 12 weeks on a diet containing 7 wt% oil.
265
In the present study, we confirmed the reproducibility of the result from our previous study 15) . However, the effects of recovered oil on the liver were more serious than previously observed and reflected the levels of serum AST and ALT because the present experimental period was longer than the previous one by 4 weeks. We conjectured that the effect would not disappear within a short period due to adaptation, as long as consumption of deteriorated oil continued.
In conclusion, adult Wistar rats fed for 12 weeks a diet containing 7 wt% oil recovered from food manufacturing companies after use did not show differences in serum glucose, triacylglycerol, phospholipids, free fatty acids, cholesterol, and insulin levels. But serum AST and ALT levels were significantly higher in the experimental group than in the control group. There were many instances of necrosis and bleeding in the liver, and the renal cells were obviously damaged. These findings suggest that mild ingestion of the recovered oil elevated AST/ALT levels and damaged the liver and kidneys, resulting in promotion of lifestyle-related diseases.
